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Prof ace

The mercuric bromide photodissociation laser has the potential of

becoming an important laboratory tool because of its efficiency charac-

teristics. But to build such a laser and to do so efficiently, one must

know the photoabsorption characteristics of this material.

This thesis is devoted entirely to obtaining those photoabsorption

characteristics. Great detail was taken in designing and assembling a

system so that the information obtained would be accurate and repeatable.
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and vacuum techniques this work would have been a great deal harder for me.

And, finally, thanks go out to my typist, Jill Rueger, for putting up with

me and helping me meet the deadlines on time.

ii



Contents

Prof ace . . . . . . . . . . . . . . . . . . . . . . . . . . ..t

LS tt of Figures . . . . . . . . . . . . . . . . . . . . . . . . . . iv

Abstract . . . . ........ ................. vi

1. Introduction . . ......... .. ...... 1
Background . . . . . . . . . . . . . . . . . . . . . . I
Purpose . . . . . . 6. . . . . . . . . . . . . . . . . . . 3

Scope ....... ...................... . . . . . 3
Assumptions . . . . . . . . . . . . . . . . . . . . . . . . 4
Summary of Current Knovledge ............... 8
Approach . . . . . . ................. 10

II. Equipment . . . . . . . . . . ................ 12

Absorption Oven .......... . . ......... i

III. Experimental Procedure ................... 20

IV. Results and Discussion . . . . . .. . ..........

V. Suggestions and Recommendation's ..................... .

References . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3

APPENDIX A: Graphs ............................ 34

APPENDIX B: Calculations of Noise Caused by the ligBr Fluorescene 4t%

APPENDIX C: Oven Drawings . ................. ..

APPENDIX D: Computer Program . . ................ 5

Vita . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 61



List of Figures

Figure __

1 Vapor Pressure of HgBr as a Function of Temperature 5 * ,a5

2 Energy level diagram ... .... ................... 7

3 Comparative graph of available HgBr2 cross section
measurements . . . . . . . .. . ..... . . . . . 9

4 Block Diagram of Apparatus ..... ................. 13

5 Cross-section View of the Absorption Cell .. ........ ... 14

6 Exploded View of the Oven ..... ................ ... 16

7 Oven (Cut-away View) ...... ................... ... 17

8 Spectrum of Probing Radiation ..... .............. ... 22

9 Transmission Curve at 128 0C ..... .............. ... 23

10 Transmission Curve at 1510C ..... .............. ... 24

11 Measured Cross Section at 151C .... ............. ... 24

12 Measured Cross Section at 129*C .... ............. ... 28

13 Spectrum of Probing Radiation ..... .............. ... 35

14 Transmission Spectrum at 110*C .... .............. ... 36

15 Measured Absorption Cross Section Curve at 110'C ..... .... 37

16 Transmission Spectrum at 119.9C ... ............. ... 38

17 Measured Absorption Cross Section at 119.90C ....... .... 39

18 Transmission Spectrum at 128 0C .... .............. ... 40

19 Measured Cross Section at 128*C .... ............. ... 41

20 Transmission Spectrum at 129°C .... .............. ... 42

21 Measured Absorption Cross Section at 129C .......... ... 43

22 Transmission Spectrum at 151'C . . . . .......... 44

23 Measured Absorption Cross Section at 1510C . . . . . 45

24 Diagram for Fluorescent Noise Calculations . . . . .... 46

25 Oven Flange #1 (#304 Stainless Steel) .......... 51

iv



List of Figures

Figure Page

26 Oven Flange #2 and #5 (#304 Stainless Steel) ....... 52

27 Oven Flange #3 (06061 Aluminum) .... ............. ... 53

28 Oven Flange #4 (#6061 Aluminum) .... ............. ... 54

29 Oven Flange #6 (#304 Stainless Steel) ... .......... ... 55

v



AFIT/GEP/PH/79D-2

Abstract

This report is on the measurements of the ultraviolet absorption

cross section of mercuric bromide (HgBr2) from 175.0 nm to 325.0 nm and

discusses the need for such measurements. The ultraviolet radiation wave-

lengths from a hydrogen discharge lamp were selected by a vacuum mono-

chromator (0.25 nm resolution) and passed through an absorption cell,

made of fused quartz, containing the HgBr 2. The experiments were conducted

over the temperature range 1100C to 150°C corresponding to vapor pressures

of 0.2 torr to 2.15 torr of the HgBr2. The results of this study are com-

pared with the results of previous studies and clears up several discrep-

ancies concerning the value of the absorpLion cross secti-n. It further

measures the value of the cross section of an absorption band at 184 nm

that was not previously available.
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I. Introduction

Background

As the Department of Defense, and science in general, becomes more

and more interested in lasers, more knowledge must be obtained on materials

to determine if they are candidates for laser media. This candidacy

requires not only the availability of laser action, but further requires

stability in the media as well as a system that has an acceptable effi-

ciency. It is also desirable, from a laboratory view, to have a medium

that doesn't deteriorate rapidly. A promising group of molecules that

appears to have these characteristics is the mercury halides, llgX

(X stands for bromine, Br; Chlorine, Cl; or Iodine, I).

Lasing for a HgX molecule was first observed by J. H. Parks in April

1977 (Ref 1). In this experiment he produced HgCl (B2E+) molecules by

e-beam excitation in a mixture of Hg vapors and CC1 4 vapors along with

other buffer gasses. A green laser line at 557.6 nm was observed with a

quantum efficiency of 8.6%. A few weeks after this first report Parks

published another (Ref 2) in which he reported laser action on the
B2+ 2 +
B 2 E X 2 band of mercury bromide, HgBr. In this experiment he pro-

duced the HgBr (B molecules the same way, but replaced the CC 4 with

HBr. Again, a green laser line at 501.8 nm was observed with a quantum

efficiency of 9.5%.

Parks further stated in these reports that the efficiency was limited

by the energy needed to produce Ar ions which in turn would give rise to

the HgX molecules. He stated, if a discharge was used to pump the Hg*

(6p) metastable levels directly, the efficiencies of the HgC1 and HgBr lasers

would be roughly 45% and 50% respectively. This shows that HgCl and HgBr



promise higher efficiencies than have been previously achieved for visible

lasers.

In July 1977 J. Eden reported a second laser line for the HgCl (Ref

3). The new line, also green, is at 558.4 nm. In this experiment, like

the experiment by Parks, an e-beam was introduced into a mixture of Hg

vapors, CC14 or CCI3 vapors, and various buffer gasses. The importance

of this new laser line is that HgCl shows the tendency of being tunable,

and, hence a valuable laboratory tool.

Multiple laser lines were demonstrated for HgBr in May 1977 by E. J.

Schimitschek, J. E. Celto, and J. A. Trias (Ref 4). Six laser lines, all

green, from 502.0 nm to 504.6 nm were observed in an experiment that dif-

fered a great deal from previous experiments. In this experiment the

HgBr (B2E+) molecules were obtained by photodissociating mercuric bromide

(HgBr2) vapors with the 193 nm line from an ArF excimer laser. Maximum

efficiency obtained was about 3.6% for the 502.0 nm line. The importance

of this experiment was not only the observation of multiple laser lines,

but, also, the introduction of a method of producing the HgBr molecules

that is cyclic. When lasing had occurred, the fragments of the disso-

ciated HgBr2 molecule recombined to produce the parent molecule again.

The process could then be repeated many times without loss of output

energy. This, of course, makes this material even more interesting, since

now it shows the tendency of yielding a closed laser that does not require

replenishing of the medium.

Further work in this area was reported in December 1977 by E. J.

Shimitschek and J. E. Celto (Ref 5). In this report the multiple laser

lines of the HgBr molecule were studied again, only this time the disso-

ciation of the HgBr molecule was achieved by an electric discharge. They
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vent on to report that several laser lines from 442 rm to 444 nm were

observed by photodissociating Hg12 to produce HgI (B2+ ) molecules in the

same type of experiment that was used on HgBr2 (Ref 4).

The electric discharge dissociation laser, like the photodissocia-

tion laser, for HgBr2 showed no loss in output energy over many pulses.

This supports the previous argument that the dissociation-recombination

reactions are cyclic in this medium. Another point that makes these

materials interesting is that the vibrational transitions c -responding

to the B - X transition is v' - 0 to v" - 22 or 23 (tentative assign-

ment). This envokes further interest, since the lower laser level has a

high vibrational number, and in turn will be rapidly depopulated due to

vibrational relaxation in the ground state.

At the present time no work has been completed and published in which

a HgBr 2 photodissociation laser has been made using a broad band photo-

lytic pump. The photolytic pumps are desirable due to the absence of the

problem of arcing, and it has been argued that the dissociation-recombina-

tion of HgBr 2 , while using a photolytic pump, is cyclic. And the use of

a broad band pump is desired over the use of a narrow band pump (another

laser) because narrow band pumps are very inefficient. But to achieve

the optimum efficiency for such a laser one must know. the absorption

characteristics of the medium.

Purpose

The purpose of this study is to experimentally measure the ultra-

violet absorption cross section of mercuric bromide (HgBr2). 2I
Scope

This study will be of the ultraviolet absorption cross section of

3



HgBr2 and wIll be done experimentally with as much detail as-possible.

It will not, however, take on the task of building and optimizing a work-

able photodissociation laser using HgBr,; nor will it delve into the

theoretical representations of the reactions and reaction rates.

Assumptions

There are only two basic assumptions to be made for this experiment.

First, it will be assumed that all measurements will be taken when the

HgBr2 vapors are at thermal equilibrium. Then the vapor pressure can be

computed as a function of temperature according to the following equation

from the CRC handbook (Ref 6):

logloP (=0.2185 A/T) + B (1)

where,

P - Pressure in torr

T - Temperature in °K

A - Molar heat of vaporization

- 19072.7 cal/gm-mole (from 110C to 235*C)

B - Constant - 10.18100

See Figure 1 for a graph of this curve for HgBr2 in the temperature

range of 1100C to 1500C, which will be the operating range for this

experiment.

Second, it will be assumed that the dissociation-recombination

reactions for HgBr2 are cyclic. This assumption is supported by the work

done by Schimitscheck, et. al. (Ref 4). As stated previously, they ob-

served no loss in output energy over many pulses of the HgBr 2 photodisso-

elation laser. This implies that there was no degradation of the medium.
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Using the second assumption along with an energy level diagram,

Figure 2, the following conclusion can be drawn:

Radiation absorbed by the HgBr2 vapors will excite the HgBr2

molecules from a bound ground state (x-state) to higher excited states

(a, b, c, etc.). These higher excited states appear to be dissociative,

according to the broad absorption continua observed by Schimitschek and

Celto (Ref 5), and Gedanken, et. al. (Ref 7), as well as several others.

The first two excited states ("a" and "b") are dissociative, while the third

excited state ("c"), due to its unresolved rotational structure (Gedanken,

et. al.), is assumed to be predissociative. The absorption bands in the

cross section that are due to excitation of llgBr 2 vapors into excited energy

states are referred to as "a" ba id, "b" band, and so on depending on which

HgBr2 excited state is populated by absorption in that band. This is the

notation commonly used for the mercuric halides, see Wiclaid (Ref 8).

The dissociations reactions can now be written, indicating the excited

state of each molecule, by this notation, and the known reactions of metal

halides and ultraviolet radiation (Ref 9). The absorption into the "a"

band follows the reaction

HgBr 2 (x) + hy1 -- HgBr2 (a) (1)

HgBr2(x) - HgBr(X) + Br (2)

The absorption into the "b" band follows the reaction

HgBr2 (X) + hV2 +* HgBr2(b) (3)

HgBr2 (b) H lgBr(B) + Br (4)

6
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The absorption into the "c" band follows the reaction

HgBr 2(x) + hy3 - HgBr2 (c) (5)

HgBr2 (c) -$ HgBr* + Br (6)

In equations 1, 3, and 5, V 1 <V 2 < V 2

At the present time it is not known what excited state, for the HgBr,

in populated by a dissociated HgBr2 (c). Although, from the energy level

diagram (see Figure 2) it can be seen that it is not a "B" state, should

be a "C" state, but could possibly be a "D" state.

7



Summary of Current Knowledge

At the present time very little information is available on the ultra-

violet absorption cross section of HgBr2. Three experiments have been

published but these three reports differ widely. See Figure 3 for a com-

parative graph of these three reports. This figure places all three

reported absorption cross sections on the same scale, and it is easily

seen that something is amiss. All three reports have the "a" and "b"

absorption bands at about the same locations (-230 nm and 200 nm respec-

tively), but they differ greatly in the value of the cross section. It

should also be noted that none of these reports include a "c" absorption

band which should be located at about 185 nm. The existence of this

absorption band has been shown, for example see Gedanken, et.al. (Ref 7),

but as of yet nobody has reported a value for the cross sect ion of this

band.

Looking at the other two mentioned mercuric halides, HgCl2 and Hg12,

one finds the work here has yielded absorption cross sectlons showing all

three bands on several occasions for the Hgl2, see Maya (Ref 10) and

Templet, et. al. (Ref 11). This leads one to believe that a cross sec-

tion measurement for HgBr2 could be made that shows, and assigns values

to, the "a", "b", and "c" absorption bands.

Approach

In this experiment the llgBr 2 will be placed into an evacuated (-10 - 6

torr) absorption cell made of Spectrasil tubing with Suprasil windows,

both are a UV grade of fused quartz and products of Heraeus Amersil, And

filled with about 250 torr of ultrapure helium. The absorption cell will

be placed into a vacuum oven that was specifically designed for this

8
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experiment. See Appendix C for detailed diagrams of the oven components

and the materials used for each.

Ultraviolet radiation from 175.0 nm to 325.0 nm emitted from a window-

less capillary-type hydrogen discharge lamp ("Hinteregger" type) will be

selected by a scanning monochromator with 50 Vim entrance and exit slits,

which will provide a 0.25 m FIM resolution. This UV radiation will be

passed through the absorption cell at various temperatures, resulting in

various vapor pressures of the HgBr2, and then onto a sodium salicylarp

window. The resulting fluorescence of the sodium salicylate window will

be detected by a photomultiplier with the output signal being amplified

and stored, after analog-to-digital conversion, in a minicomputer. A

copy of the information in the minicomputer can then be sent to a digital

x-y plotter for graphic output or to a paper tape punch for permanent

storage. This set-up will allow for continuous monitoring of the spectra

as they are being produced.

The pressure of the monochromator will be maintained at about 10
- 6

torr as will the input and output cooling flanges on the absorption oven

(specifics on the absorption oven will be explained in the next chapter).

The body of the oven will be pumped to a pressure of about 10- 2 torr and

flushed with grade 6 helium (1 ppm contaminants at maximum) several times

before any spectra are recorded. This is all necessary to insure the

removal of possible contaminants in the system, such as H20, 02, CO2, or

H2.

The minicomputer will be programmed to average the input signal over

a given time period, which will be set at 0.8 sec for this experiment.

This averaging time, 0.8 see, has been chosen to achieve good resolution

with the shortest possible scan time. Since the region of interest is

10



from 175.0 nm to 325.0 rnm (150.0 nm scan), it can be divided into 1125

intervals at a sweep rate of 10.0 nm/mmn at the chosen averaging time.

These numbers should yield good resolution, since a plausible criterion

is one where the sweep rate does not exceed the resolution of the mono-

chromator divided by four or five RC-time constants. The time constant

to be used for this experiment is 0.1 sec for all spectral scans. So the

sweep rate showed should comply with the following equation:

S < R/(4 or 5)T (7)

where

S - Sweep rate

R - Resolution of the monochromator

- Time constant

Choosing the 5, to be safe, it Is found that the sweep rate must not

exceed 30 nm/mIn. Therefore the monochromator will be set at 10 nm/min,

this will lengthen the scan time some but will ensure good resolution.
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II. Equipment

The equipment needed for this study was available, with the excep-

tion of the absorption oven and absorption cell which had to be made.

The equipment used is as follows: (See block diagram Figure 4).

1. McPherson Vacuum Ultraviolet Scanning Monochromator #235

2. McPherson Photomultiplier (14-stage)

3. McPherson UV Source #630 ("Hinterreger"-type)

4. Superior Electric Co. Powerstat Type 116

5. Digitec Platinum Resistance Thermometer #551-4

6. Spellman High Voltage Source #HP5PH500SRX

7. Dymec Digital Volt Meter #2401C (used as a frequency meter)

8. General Motors Combustable Gas Detector #130

9. Hewlett Packard Harrison 6516A DC Power Supply

10. Hewlett Packard #2116C Minicomputer

11. Hewlett Packard #2644A Computer Terminal

12. Hewlett Packard #7610A Digital Plotter

13. Hewlett Packard #3480B Digital Volt Meter

14. Hewlett Packard #3484A Multifunction Unit

15. MKS Baratron Pressure Head Type 90

16. MKS Baratron Auto-Digital Pressure Meter Type 1OOA

17. MKS Temperature Control Unit Type 1090-1

18. Current-to-Voltage (I/V) Converter (Gains: 104-1012 volts/amp)

19. Current Regulator (Constructed by SRL, 0.5% accuracy)

20. Absorption oven (Built to specifications, details in next section)

21. Absorption cell (Built to specifications, See Figure 5)

12
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Abeorpt ion Oven

The absorption oven, which had to be built to specifications (see

Figures 6 and 7 and Appendix C), was an important part of this study, It

was necessary to choose material for their thermal properties as well as

their machining and welding properties. The entire oven had to be vacuum

leak tight, about 10- 6 torr, and had to achieve a uniform temperature

profile. The oven will le explained in three parts, the first is the

input and output cooling flanges, the second is the oven body, and the

third is the cold-finger temperature sensor. These three parts are iden-

tified in Figure 7.

The input and output cooling flanges were each made of two circular

plates, 5 in. diameter and 0.25 in. thick, that were connected with a

hollow tube 2.0 in. o.d., 1.94 In. i.d., and 1.0 in. long. All materials

in the cooling flange were #304 Stainless Steel, chosen for its low ther-

mal conducting properties, hi .h strength, and good vacuum qualities. The

cooling flanges were important; their function was to protect the mono-

chromator on the input side, and reduce the thermal generation of noise

in the photomultiplier on the output side. A single wrap of % in. copper

tubing was placed around the stainless steel tubing and against the first

and last plate (the ones that connected the oven to the monochromator and

the photomultiplier). These were used as water cooling lines to further

aid the function of the cooling flanget. With an external temperature,

at the oven body, of 200*C the first and last flanges remained at or

slightly below room temperature.

The oven body was constructed entirely of #6061 aluminum and consisted

of one input plate with a 5.0 in. diameter and in. thickness (this plate

housed the input window which was a Suprasil fused quartz window), and two

15
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output plates both with a 5 in. diameter. The first output plate was

in. thick and had a 3 in. hole cut thru it in the middle. This allowed

access to the internal portion of the oven to remove or replace the

absorption cell. The second output plate was in. thick and housed the

output window which was the same type as the input window. The second

output plate was the only part of the absorption oven that was available

and, therefore, did not need to be constructed. The oven wall, which con-

nected the input and output plates, was cylindrical, 4.3 in. long, with a

4.0 in. i.d. and a 0.060 in. wall thickness. It was necessary to mill the

input plate, the oven wall and the first output plate from one solid piece

of aluminum to ensure a vacuum seal.

The cold-finger temperature sensor plug was made of #6061 aluminum

also. This solid plug had two holes drilled in it, one from the top to

house the cold-finger of the absorption cell, and the other from the bot-

tom to house the platinum resistance thermometet. A metal spacing of

these two holes was necessary to ensure vacuum , but it was less than

0.060 in. An air annulus was cut into the plug to isolate the contact

point of the temperature sensor and the cold-finger from the oven wall,

and the hot gasses at the oven wall. The annulus was open to ambient

room air, but could have been further cooled by forced air, if it was

necessary. The plug was not heated and, due to the air annulus, was

isolated from the wall heat. Therefore, the temperature measured at the

cold-finger will represent the coldest point in the absorption cell,

which in turn will be responsible for determining the vapor pressure of

the HgBr2 . With an external temperature, at the oven wall, of 200°C,

the cold-finger temperature sensor indicated 175*C.

18



The oven body was heated by externally wrapped electrical heating

tape, which did not touch the cooling flanges or the temperature sensor

plug. Two small aluminum tubes, 1/8 in. o.d. and 1/16 in. i.d., were

used to introduce helium into the oven body. The input and output helium

tubes were both wrapped twice around the outside of the oven wall under

the heating tape. This allowed the helilum to be heated before It was

introduced in the oven, and allow it to re in hot until it was well away

from the oven body.

19



III. Experimental Procedure

The wavelength range of interest extended from 175 run to 325 rim.

The lower boundary was set by the transmission characteristics of the

fused quartz windows used in the oven and on the absorption cell; the

upper boundary was chosen to ensure coverage of the first three absorp-

tion bands of the HgBr2.

The hydrogen flow to the Hinteregger type discharge lamp was set at

about 10 sccm, enough to maintain a pressure of 1.000 ± .002 torr at the

discharge. The current through the discharge was set at 100 mA with less

than 0.5% fluctuation, this resulted in a voltage drop across the dis-

charge of about 1 Kv. Water flow to the lamp, for cooling, was monitored

by a DVM, used as frequency meter, that was connected to a rotating pin-

wheel in the input line. It was noted that if the fluctuations in the

rotations of the pinwheel, or fluctuations in the water flow, exceeded

±5 sec-1 , the intensity of the lamp would drift due to the changes in the

operating temperature. This experiment did not require maximization of

lamp intensity as a function of operating temperature, but only to choose

a water flow, and hence an intensity, that was consistent and repeatable.

The 50 Um wide entrance and exit slits on the monochromator provided

a 0.25 nm and FWHM resolution. The grating used has a blaze angle of
-13035"', blazed for 150.0 nm, and a grating constant of 600 mm- . The sweep

rate for the monochromator was set at 10.0 nm/min to yield good resolution

for the chosen time constant (see page 11 for details). The I/V converter

on the output was set for a gain of 106 volts/amp with a 0.1 UF capacitor

for most scans, and a gain of 107 volts/amp with a 0.01 uF capacitor for

the transmission scans at higher temperatures, since the amplification

20
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The wavelength range of interest extended from 175 nm to 325 nm.

The lower boundary was set by the transmission characteristics of the

fused quartz windows used in the oven and on the absorption cell; the

upper boundary was chosen to ensure coverage of the first three absorp-

tion bands of the 11gBr 2.

The hydrogen flow to the linteregger type discharge lamp was set at

about 10 seem, enough to maintain a pressure of 1.000 ± .002 torr at the

discharge. The current through the discharge was set at 100 mA with less

than 0.5Z fluctuation, this resulted in a voltage drop across the dis-

charge of about 1 Kv. Water flow to the lamp, for cooling, was monitored

by a DVI, used as frequency meter, that was connected to a rotating pin-

wheel in the input line. It was noted that if the fluctuations In the

rotations of the pinwheel., or fluctuations in the water flow, exceeded

±5 sec - 1 , the intensity of the lamp would drift due to the changes in the

operating temperature. This experiment did not require maximization of

lamp intensity as a function of operating temperature, but only to choose

a water flow, and hence an intensity, that was consistent and repeatable.

The 50 1im wide entrance and exit slits on the monoehromator provided

a 0.25 nm and FWHM resolution. The grating used has a blaze angle of

-1
3 35", blazed for 150.0 nm, and a grating constant of 600 mm . The sweep

rate for the monochromator was set at 10.0 nm/mmn to yield good resolution

for the chosen time constant (see page 11 for details). The I/V converter

on the output was set for a gain of 106 volts/amp with a 0.1 PF capacitor

7for most scans, and a gain of 10 volts/amp with a 0.01 PiF capacitor for

the transmission scans at higher temperatures, since the amplification
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was needed. These settings yielded a 0.1 sec time constant for all of

the scans.

The signal fTom the IV converter was sent to a DVI and finally

stored tit a minicomputer. A copy of the data could then be sent to an

x-y plotter for a graphic output or to a paper tape punch for permanent

storage for future use.

When the system was first assembled, the empty absorption oven was

pumped to the 10- 6 torr range and baked out for eight hours on each of

three consecutive days. After the bake-out was completed, the lamp was

turned on and several spectral scans were made, with the ov'en empty, while

the oven was heated from room temperature to temperattres in excess of

200'C. The output showed no change in the transmitted light as a func-

tion of oven temperature.

The empty absorption cell, after being cleaned, was placed into the

oven and several spectral scans were made at various temperat ures, from

250C to 200C external, and there were no changes in the output data.

This output data represented the incident radiation to he uised in comput-

ing the absorption cross section. See Figure 8 for a graph of the spec-

trum used as the incident radiation. This figure, like all of the trans-

mission spectra, has a relative intensity scale on the verticle axis,

which was set to obtain a maximum deflection for the peak of the curve.

The absorption cell was then removed, cleaned, pumped to a pressure

of 10-6 torr, filled with 4.5 mg of HgBr, crystals and 253.0 torr of

ultra-pure helium (at room temperature) to aid in the quenching reaction,

and returned to the absorption oven for the transmission scans.

The absorption measurements were taken at 110°C, 119.96C, 128 0 C,

129°C and 151*C with a fluctuation of tO.2°C during the scans as monitored
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Figure 8: Spectrum of Probing Radiation.

by a platinum resistance thermometer at the cold-finger temperature sen-

sor. These temperatures produced vapor pressures, in tort, of the gBr 2

of 0.20, 0.38, 0.62, 0.66, and 2.77 respectively. The temperature flux-

tuations would yield a maximum error in the pressure of about ]%. See

Figure 9 for a typical transmission curve. All of the transmission curves

are assembled in Appendix A.

Higher temperatures, and hence higher pressures, were attempted, but

at these high number densities the input radiation was extinguished over

a fairly large range, and in these ranges the only radiation to reach the

photomultiplier was that due to fluorescence of the HgBr which was a very

small amount. See Appendix B for a computation on the fluorescent noise.
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Figure 9: Transmission Curve at 128*C

For an example of the extinguishing of the input radiation, and its effect

on the measured cross section, see Figures 10 and 11 in the wavelength

range of 193 nm to 204 nm.
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Figure 11: Measured Cross Section at 151C
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IV. Results and Discussion

The graphic results of this experiment can be seen in Appendix A.

The computed cross section of HgBr 2 for the scans at I.O*C, 119.QC,

128*C, and 129*C, all 10.2C, show very good, consistent information.

The absorption cross section computed for the scan at 151'C (,.7 torr of

HgBr 2 ) indicated a change in the "b" absorption band. This change has

been accredited to an excessive amount of absorbers extingtishing the

input radiation, which in turn would cause the cross sect ioni curve to

flatten and spread.

The absorption cross section was computed, by a minicomputer, as a

function of wavelength using the Beer-Lambert L.aw:

I ()
-" expbnc'(\)1,J€s

where

I() - Incident radiation at \

I() - Transmitted radiationm at

n - Number density of HgBr 2

L - Path length throtigh the absorbig media

cv(\) - Absorption cross section at \

The number density of HgBr 2 was computed by making a pressure and tempera-

ture correction to Loschmidt's number (2.60 x 10 cm ). But the pressure

was also computed as a function of temperature. This leads to a number

density equation of

2.69 x 10 [ 0 A/T1 + i) (9)
760 [ x 2
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A quick analysis shows agreement with this previous published data

(see Figure 3) on the location of the peaks of the "a" and "b" bands at

about 230 nm and 200 m respectively, but again differs with the magni-

tudes. The values measured here place the peak of the "b" bands at
0-17 2

-3.4 x 10 cm which is about 1.3 times greater than the value reported

by Schimitschek and Celto (Ref 5), and 2.7 and 8 times greater than the

values reported by Maya (Ref 8) and Templet, et. al. (Ref 9), respectively.

The value of the peak of the "a" band for this report is -9.8 x 1On 2

which Is about 1.6 times greater than the value reported by Schimitschek

and Celto, 2.5 times greater than the value reported by Maya, and 5 times

greater than the value reported by Templet, et. al. And, finally, this

report does include the "c" absorption band at -1S.6 nm and can be seen

in Figure 12. The fine structure that appears on the peak of the "c" band

is due to vibrational transitions that occur in the 11giRr2 when radiated

with light in the wavelength range of 182.6 nm to 185.4 nrn. These transi-

tions have been studied spectroscopically, with much higher resolution,

on several occasions, one such study was reported by oedanken, et. Al. (Ref

7) in 1969.

This clearly show* that there is a great deal of difference in the

available information, not only in past vxork but also hen compared to this

study. However, the information presented here is considered to be the

moat accurate to date for three reasons:

(1) Two of the previous published studies reported the cross

section starting at about 185 nm. At this point they should have recorded

absorption by the "c" band, but they did not. This could be due to the

transmission characteristics of the optics used, and, if so, it is not

known what correction would be needed for the 200-230 no range. The optics
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used for this experiment had fairly outnthigh transmission over the

entire wawvelength rmiige of 175-325 urn.

(2) Chily one of the three previ-ous reports had Any infori.wtioll

pertaining to experimental pr, ckture and apparatus 41c1Wan, ill it the

author used a polyehromatic source. Althouigh tilt effects of A polychr-o-

satic source %were consideredz it still etould have inttroduced problems. If

the photon flux from the lamp used was significantly high koix the ordkir of

the number density) then the absorpt ion-dissocitatiton reaetions -. oukld have

lowe~red the number density of HgBr 2 r ,leculos for the entire spectral

scan. This in turn would have yielded a measured erotss seetio-n with the

Ii Imgnitude of the peaks smaoller than the trute values.
2t

; 0.
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(3) Finally, two of the reports made no mention of possible

errors introduced by the experimental system, nor could these errors be

deduced. For the experiment reported in this paper, the greatest sources

of error were in the temperature measurement accuracy and in the resolu-

tion of the monochromator. The error in the temperature measurements was

estimated to introduce about 10-15% error in the cross section; and the

error due to the resolution would only effect the "c" absorption band

where there was fine structure. Here the error would tend to reduce the

actual cross section but not by a significant amount. Finally, overall

system error was estimated to he no more than 20'. The one previous stuiV

that did report an estimated error agrees with the present work, when

errors are considered, on the manitude of the "b" band, but still differs

with the magnitude of the "a" band by a factor of 1.7.

Analyzing the cross section curve yields some interesting information.

It is known that exciting an llgBr, molecule Into the "a" state or "b" state

will cause the molecule to dissociate since these are dissociative, or

unbound, states. Both states will yield in lgBr molecule; the llgllr fr'om

the "a" state of the IHgBr 2 will be in the "X" state and the Uglir from the

2"b" state of the HgBr 2 will be in the "B" state (see Figure 2). As of

yet nobody has reported transitions to or from the "A", or first excited,

state of HgBr. The lasing that has been observed operated on the HgBr

(B - X) transition.

The "c" band differs slightly from the "a" and "b" bands. Although

it is an absorption continuum which implies it is a dissociative state,

it has some vibrational fine structure which implies it is a bound state.

Putting these two facts together, along with the fact that no further

fine structure is present that was lost due to restriction in the
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resolution (see Gedanken, et. al. (Ref 7) for a spectrum of this region

with a much higher resolution), one arrives at the conclusion that thle

19c" state for HgBr, is a predissociative state, or a bound state that is

overlapped by a higher level dissociative state. Many of thle Hg~r1 mole-

cules that are excited into the "c" state will make a radiat tonless trans-

ver to the overlapping dissoc-ltat lye state and dtssoc tate. Thle timie for

the transfer is shorter than thle time of rotatiton, buit longer t han thle

time of vibration. Hence, rotatitonal fine struceture, Is lost.* some vibra-

tional fine structure Is preserved, and thle absorption bandl remaains a

continuum as it would for any dissociat lvi s-tate. Mheln an1 fleBr., molekcule

dissocilat es from thle "c" state it Is not known what state thle resultilng

HgBr molecule will be in, a good guess would be thle 'T" state. Further-

more, It is not known what effect this dol ecu Ic would have on thle 1gitr

laser. If the restil ting H1g~r tfrom thle 1lgl~r.N excited into thet "C" state

would make a transititon from a highor energjy state to thet "BV' state, then

it could possibly enhance thle laser act ion. However, if it makes a1 direct

transition to the ground state It could det ract from the laser at ion

since It could be populating thle lower laser level.

Final analysis shows that if a photolvtt icpumped 110r., laser Is to

be made, the pump chosen should deliver most of its energy in thle IQO-2lO0

nm range since this would produce HgBr molecules in thle "B" state. Thle

pump used should not, however, deliver a significant amo.'unt of enlergy Ill

the 215-250 nm range, since this would produce lig~t molecuile's in thle "X"

state and would tend to populate the lower laser level. This laser could

only be produced with a fairly low vapor pressuie of HfBr,. or the pump

intensity would not reach the mo-lecules that are in thle center o-f the
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tube, for coaxial geometry, and the resulting laser beam would be an

annulus instead of a smooth Gaussian profile.
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V. Suggestions and Recommendations

It was stated that the largest source of error in this experiment

was the uncertainty in the temperature measurements. It would be an

improvement if a new method of measuring both the coldest temperature

and the average equilibrium temperature for the absorption cell could be

devised.

It was also stated that at the present time it is not known which

excited state is populated by the HgBr molecule that is formed by a dis-

sociated HgBr2 molecule from the "c" state. Nor is it known if it will

enhance or detract from the laser action operating on the HgBr (B X)

transition.

Finally it would be interesting to see if the HgBr (C ' X) or HgBr

(D - X) transition, whichever upper state is formed by the dissociated

HgBr2 molecule from "c" state, would support laser action. The reasoning

here is simple. A laser operating on this transition should have approxi-

mately the same optimum efficiency as a laser operating on the B X

transition but would have a much shorter wavelength (on the order of 300-

350 nm, depending on the ui.per and lower vibrational levels).
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APPENDIX A

Graphs

This comprises the incident radiation spectrum, the transmission

curves, and the measured absorption curves for 110 0C, 119.90C, 1280C,

129*C, and 151*C. Each graph is presented on a full page to better

represent the structure of the absorption (transmission) or absorption

cross-section. The curves are recorded by temperature which Inturn

represents different pressures of the HgBr2. The pressure of HgBr2 as a

function of temperature is given by Equation 1 and is graphically dis-

played in Figure I (page 6).
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APPENDIX B

Calculations of Noise Caused by the H~gBr Fluorescence

gr A

I IA

Find2 suSaearaprdceayceCS)

~ 2 + (.0 3.074
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If the fluorescent light is isotropic, then it will be evenly distributed

over a 4n at. rad. solid angle.

So:

Percent of light in Q, L I S 1/4w X 100%

- 0.0815/4n X 100%

L1 - 0.649%

And:

Percent of light in 2 2  L2  0 2/41 X 100%

- 0.0303/40 X 100%

L2 w 0.241%

Analysis

Even if the quantum efficiency is 100%, the amount of fluorescent

light that will strike the photomultiplier is so small (<IZ) that it Will

be covered, or masked-over, by the background noise.

Example

Define:

T - Fraction of transmitted light

I a Input intensity

A - Intensity of absorbed light

QE - Efficiency of fluorescence

L - Percentage of fluorescence to reach PM
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Ideal absorption (no fluorescence):

I-A A
I o o

Introduce quantum efficiency:

I_- A(l - QE) AT - (I-QE) T + QE

If QE is significant, then the fluorescence is significant. But the fact

that not all the fluorescent light will reach the PM must be introduced.

Then:

T I Al -E(L)]

k - y(1- QE(L)]

-To + A[QE(L)]

If the last term, A[QE(L)J, can be shown to be small, then it can be ignored.

If there is 100% absorption, To M 0, and A - I. This will produce the

largest value of A(QE(L)] for the system. Assuming that full scale deflec-

tion is caused when T - I (i.e. A - 0 and To M I), then what deflection

will be caused by A - I?

A good approximation of the best QE for HgBr2 is -25% and the maximum

value for L was computed to be -0.65%. Using these numbers one obtains
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QE(L) - 0.25(0.0065)

- 1.625 X 10 -

- 0.1625%

Or, the maximum error introduced by the fluorescent light will be on the

order of 0.1625% of full scale.
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APPENDIX C

Oven DrawingsA
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APPENDIX D

Computer Program
PROGRAM AHbPT

C SEf UP RUFFEh IHANbFEh
CALL. RUFER (NPHANG IANGR)

C OPERATION SEIECTION ON S?*ITC4 REGISIEh
C
C ASSUME DATA AV.HEADY IN MEMORY
C AnSORPTTON COEFFICIEN! P101' C4ECK
in IF CISSUC1)) 400,20
C RAW DArA PI.OT CHECK
20 IF (ISSW(3)) 500,30
C PUNCH CHECK
301 IF (ISSW(A)) 600,40
C DATA INPUT MODE CHECK
40 IF (ISS*(11)) 300,50
C DATA CATEGORY CqECK
50 IF (ISS.(6)) 100,"
C HETURN POIN' AFIEh SCAN "
70 IF (ISSWC15)) goI90
90 WHITE (P.,1000
1000 FORMAT (/"SCAN ARORI'ED" 
90 PAUSE

GO TO 10

C REAI.-T IME RAC4GROUND SPEC7R A ENTITY N ,"
C

100 IRFI.Gu
WRITE (2P1100)

1100 FORMAT (3/"'ENTER DATE")
READ (1, 1110) NUMIANUMID

1110 FORMAT (213)
WRITE (2,1120)

1120 FORMAT (/"ENTER: RUN NUMBER"/7K"NUMRER OF POINrS,
* TIME PER POINT"V7,"GAIN")
READ (1,*) NUMIC
READ (1,*) NP,T
IT.10.* ,
READ (1,*) GAIN]
RANGI=I/GAINI
CALL, B3SCAN (Ir,NP*GAINI,IEHR)
GO TO 70

C
C REAL-TIME ABSORPTION SPECTRA ENTRY
C
240) IF CIBFI.G) 210.220
210 WRITE (2,1216)
19.1S FORMAT (0"RACKGROUND NOT LOADED")

GO TO 90
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220 WRITE (0.1220) NP
1220 FORMAT (/"NUMBER OF POINTS ="IU/1ENTER: DATEY/7X

*99HIN NJUMEll/7.Jlr IME PER P0 INE1/7VGAIN")
HEAD (1,1110) NUM2APNUMP.B
HEAD CI,*) N~UMRC
READ CIs*) T'
IT=IG.*T
READ CI,*) GAIN2
HAt%I 1*/CAI'J
CAVA,. ASCAM (!T,NPjGAINRIEhh)
GO TO 70

C
C PAPER TAPE DATA ENTRY
C
300 IF CISSUWC6)) 310,3PO
310 1IRF 1G -1

CAT.?. TAPIN CN'UMIANUMIPNUM IC.N4P, GAIN! .GAINP)
HANG! 1 */CAtN I
WitTE (P, 1300)

1300 FORM~AT C/"RACVChOUND "

WHITE (2,1320) MUMIApNUMIPNUM1C#NPGAINI
GO 10 90o

3PO IF (IlF'IG) 330#34I0
330 iWHITE CP.,1210)

GO TO 90
340 CALL lAPIN (NUM2A,NUMiP13,NUMC,NPGAINIGAIN2)

HANG'," I1. /GA!NR
WHITE Cps 1310)

1310 FORMAT C /"ARSOhPf ION "

WHITE C, 1320) NUMPANUM2BNUM2C,-NPGAIN2
1320 FORMAT C("DATA ENTEREI)"/"hUN NO- "21 5"-"t 3/14" POINT S'

*/"GAIN ="EQ.3)
GO TO 90

C
C PL.OT APSOHPIION CROSS SECTION
c
400 WHITE CR2#1400)
1400 FOIwAr (/"ENTER TEMY-EhArUliE (DEGi C), PATH L.ENGTH{") t

READ (Is*) TEMPsPArT1
P-10...CC-0.219i5*190727/rEMP.R73.15)ve10.193fl
IF CISSWC9)) 410,420

410 %HITE (2,1415)
1415 FORMAT( C/"EN [Eh PRESSURHE")

READ CI,*) PRESS
PuPhiESS

420 DENS=CO.R69E20/760.0)*p/( 1.0.TEMP/273. 15)
YMULT u Io 0/ (CDENS *PAT q)
YtNAL.OG(CUHIC 1)/CUHi2C ))*YMUI
YMAX=YMIN
DO 460 I-2,tNP
Yu ALOG (CU I ( I CU HP I ) I * MULT
IF CY-YMAC) 430,440

430 IF CY-YMI) 45O,460
440 YMA~uY
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GO TO 460

4AA CONTINUE
WHITE (2,1470) YMINPYMAX

1470 FORMAr (/"Y-MIN ="E8,2#3X"Y-MA( ="E85°2/
*"eENTEh Y-MIN# Y-MAV(")
READ (1,*) YMIN,YMA(
CA.. RCAL (NP,XY)
K-9q4.0 ,/( FLOAr(NP- !) )

YMIM1.xtA1OG(YMIN)

SCALE9999.,/(A.OG(YMAX)-YMIN.)
DO 4)0 I=1,NP
Y-AI.OG(AI.OG(CUhC( I )/CUh2( 1) )*YMUI.)
IK=A(
IY=(Y-YMINVo)*SCA.EA'C=A~CX) ...,

4190 CALL. XYP.T( (.IY)
CAI,, ECA1.
GC TO 40

C
C PT.Or HiAf DATA
C
500 CA.L. OUTPT (NP) "i

GO TO 90
C
C PUNC4 RA, DATA

600 IF (ISSW(6)) 610,6P0
610 CA.. PDATA (NUMIANUM1,NUM1CNP, GAIN1)

60 O 090
620 CA.. POATA (NUM2A,NUM2P.NUM2CNP, GAIN2)

GO TO 90
END
ENDS

This is the computer program that was written to control the input,

output, and the library. The library software routines were already in

existence and had been used previously by D. F. Grosjean (Ref 12). The

first section, Operation Selection on Switch Register, is the section

where the operator would tell the computer what was being entered or

what was wanted for an output. The 16 switches on the front of the com-

puter would be tested, by the computer, to see if they were up or down.

The following is a table of switch operations for this program.
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Table I: Switch Settings for Absorption Program

Function Switch # Up

1. Enter background data
Real time 6
Paper tape 11, 6

2. Enter Transmission data
Real time (All down)
Paper tape 11

3. Real time raw data plot of background 2

4. Raw data plot (after data has been entered)
Background 3, 6
Transmission 3

5. Compute and plot absorption cross-section 1
Manual override (to enter pressure) 1, 8

6. Punch data onto paper tape
Background 4, 6

Transmission 4

7. Verify data (in conjunction with punch)
Background 5, 6
Transmission 5

8. Abort scan (at any time) 15

9. Free run of equipment without scan 14

In Table I, if a switch is not mentioned for a particular step, then it

must be in the down position, otherwise it might interrupt the proposed

operation.

The second section, Real-Time Background Spectra Entry, was used to

record the signal from the DVM and to store it for later use. The third

section, Real-Time Absorption Spectra Entry, is the same as the background

entry, only the computer would store it separate of the background. The

fourth section, Paper Tape Data Entry, has the computer take raw data from

the paper tape previously punched (last section) and store it as background
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or transmission spectra depending on the position of switch 06 (See

Table i).

The next section, Plot Absorption Cross Section, computed the absorp-

tion cross-section from the background and transmission data, the computer

would compute the vapor pressure from the given temperature unless switch

#8 was up, then the pressure would be entered manually. The next section,

Plot Raw Data, would have the computer send the stored information, back-

ground or transmission, to the x-y plotter. And, the last section, Punch

Raw Data, would have the computer send a copy of the raw data, background

or transmission, to the paper tape punch for storage for later use.

0
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